Background: C-reactive protein (CRP) which used to be a prototypical inflammatory cytokine has been identified involving in the progression of tumor-promoting inflammation. Several studies have indicated that CRP is a predictor for hepatocellular carcinoma (HCC), but the results are controversial. Methods: We conducted a systematic review of ten studies (1885 patients) to examine the association of high serum CRP expression with overall survival (OS) and recurrence-free survival (RFS) in HCC patients by meta-analysis. Moreover, the correlation between high serum CRP and tumor clinicopathological parameters was also assessed. Hazard ratio (HR) or odds ratio (OR) with its 95% confidence interval (CI) was used as the effect size estimate. Results: Our pooled results showed that high expression level of serum CRP (≥10 mg/L) was associated with poor OS (HR: 2.15, 95% CI: 1.76-2.63) and RFS (HR: 2.66, 95% CI: 1.54-4.58) in HCC. Serum CRP overexpression (≥10 mg/L) was also significantly associated with the presence of tumor vascular invasion (OR: 3.05, 95% CI: 1.79-5.23), multiple tumor (OR: 2.36, 95% CI: 1.36-4.10), larger tumor size (OR: 3.41, 95% CI: 1.04-11.18), and advanced TNM stage (OR: 3.23, 95% CI: 2.29-4.57). In addition, serum CRP overexpression (≥10 mg/L) tended to be correlated with poor differentiation (OR: 1.58, 95% CI: 0.74-3.39), though not significantly. Conclusion: The present systematic review and meta-analysis demonstrate that high serum level of CRP (≥10 mg/L) denotes a poor prognosis of patients with HCC.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common devastating neoplasm worldwide with increasing incidence rate over the last several decades across the world [1] . Meanwhile, its third cancer-related mortality rate among varieties of cancers indicates the poor prognosis of HCC [1] . Despite the significant improvement of HCC management, including liver transplantation(LT), surgical resection, transarterial chemoembolization(TACE), radiofrequency ablation(RFA) and molecular therapy, the high fatality and low survival rate is really disappointing [2] . Thus, there is an urgent need for us to identify better predictive biomarkers, especially serum biomarkers for the prognosis of HCC.
C-reactive protein (CRP), named for its capacity to precipitate C-polysaccharide of Streptococcus pneumonia [3] , is a prototypical acute phase protein that is mainly produced by the hepatocytes [4] . The main proinflammatory cytokine inducers of CRP in hepatic cells are the interleukins-1 (IL-1) and -6 (IL-6) and recently found -17 (IL-17) [5] . The secreated CRP circulating in the Peripheral blood is part of the soluble
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International Publisher innate immune system where it plays an important role as a pattern-recognition molecule [6] . However, it is a sensitive but nonspecific systemic marker of inflammation, which means that CRP can rise dramatically in a variety of situations, including infection, trauma, burns, myocardial infarction and cancer [7] . In the last decades, the relationship between a baseline CRP and subsequent development of cancer was identified [8] . Furthermore, the significance of CRP as a predictor of survival has been demonstrated in gastrointestinal [9, 10] , pancreatic cancer [11] , renal [12] , ovarian [13] ,lymphoma [14] , myeloma bone disease [15] , melanoma [16] and HCC [23] . However, as a matter of contradictory results as well as the small sample size in solitary study, the current opinion on the prognostic role of CRP in HCC is still controversial.
In this study, we attempt to conduct a systematic review and meta-analysis to estimate the prognostic significance of elevated serum CRP levels for overall survival (OS) and recurrence-free survival (RFS) among patients with HCC. In addition, the relationship between CRP expression and vascular invasion, tumor size, number, grade, stage was also examined among these pooled literatures.
Material and Methods

Study objectives
The primary endpoint was to evaluate the prognostic value of CRP expression in HCC patients regarding OS and RFS. The secondary endpoint was to assess the relation between CRP expression and the clinicopathological parameters including vascular invasion, tumor size, tumor number, tumor grade and tumor stage.
Study Selection
Two reviewers independently assessed publications for inclusion in the review. Discrepancies were resolved through discussion by the review team.
Literature research
A systematic literature search was performed using Pubmed (Medline) and Embase, the Cochrane Library and Web of Science databases. Medline was searched from 1948 and Embase from 1980 to the current date. An initial search strategy using recognised search terms ((CRP or c-reactive protein) and 'prognosis' and ('hepatocellular carcinoma' or HCC')) was conducted in October 2012 and then repeated in January 2013. A review of reference lists were also performed. No language limits were applied. Only human researches were included. Abstracts of all candidate articles were read by two independent reviewers (Zheng and Gao). Disagreements were resolved by discussion.
Study inclusion/exclusion criteria
Inclusion criteria for primary studies were as follows: (1) The diagnosis of HCC was made based on histological examination and the appropriate imaging characteristics, (2) CRP evaluation using serum based methods, and (3) correlation of CRP with OS or RFS. Studies not directly reporting hazard ratios (HRs) were allowed if data were available for statistical estimation as described below. There was no pre-specified follow-up period used to determine study inclusion. All studies were carefully evaluated to identify duplicate patient populations.
Exclusion criteria for primary studies were as follows: (1) Duplicate data or repeat analysis. Criteria used to determine duplicate populations including study period, hospital, treatment information, and any additional inclusion criteria. Journal with higher impact factor or the larger sample size would be included. (2) Literature with the sample size less than 20. (3) Non-human research.
Quality assessment of primary studies
Quality assessment was performed in each of the included studies in duplicate by independent reviewers (Zheng and Gao) using the Newcastle-Ottawa Quality Assessment Scale for cohort studies with our reasonable modifications (Table 1) [17] . This scale is an eight-item instrument that allows for assessment of patient population and selection, study comparability, follow-up, and outcome of interest. Interpretation of the scale is performed by awarding points, or 'stars', for high-quality elements. Stars are then added up and used to compare study quality in a quantitative manner.
Data extraction
We extracted data elements including: (1)demographic data regarding inclusion criteria, patient age, sex; (2) tumor data including number, size, stage, grade, vascular invasion; (3) survival data including OS and RFS;(4) CRP cut-off value, quantitative methods for CRP. Other variables including number of patients lost and reasons for patients lost during follow-up. OS was defined as the interval between the medical treatment (including liver resection, liver transplantation or transarterial chemoembolisation, etc.) and the death of patients or the last observation. RFS was measured from the date of treatment until the detection of the recurrence tumor or the last follow-up assessment. Tumor grade was described using the Edmondson-Steiner grading system, studies were rigorously grouped as well/moderate (I/II) or poor (III/IV) degrees of differentiation. Tumor vascular invasion was defined as presence of either macro-or microscopic vascular invasion (including portal vein invasion etc.). 
Data analysis
Included studies were divided into two groups for analysis: those with data regarding OS and those regarding RFS. All the survival results were estimated as the hazard ratio for each trial. If possible, the hazard ratio (HR) and 95% confidence intervals(95% CI) were obtained directly from each trial publication. When these datas were not directly reported, a mathematical estimation was done by calculating the necessary data according to the methods published by Parmer et al [18] . For the analysis of the relationship between high CRP expression and clinicopathological parameters, odds ratios (OR) and 95% CI were combined as the effective value.
The heterogeneity of combined HRs was initially evaluated by Chi-square test and expressed by inconsistency index I 2 . The I 2 statistic is defined as the percentage of variability due to heterogeneity rather than chance with values >50% representing the possibility for substantial heterogeneity [19] . We chose the random effects model of DerSimonian and Laird (1986) for pooled analyses, as a result of a priori assumptions about the likelihood for heterogeneity. All statistical tests were two-sided and the significance level was set at 5%. Assessment of publication bias was first evaluated by the begg's funnel plot, then performed for each of the pooled study groups using Egger's bias indicator test [20] . All analyses were carried out using the statistical software stata(version 12.0).
Results
According to the search strategies as described, eighty-nine primary studies were identified. Then, nineteen relevant studies were screened out for detailed evaluation through reading the titles and abstracts. As a result of further investigation, seven studies were eliminated owing to insufficient survival data; two studies [21, 22] were eliminated due to the duplicate data from the same center on the basis of the exclusion criteria mentioned above (Figure 1 ). Finally, there were altogether ten studies including two articles relevant to high-sensitive CRP (h-CRP) [24, 29] eligible for the meta-analysis (Table 2) . Notably, there was one publication that involved two cohort studies [31] .
The characteristics of retained studies were listed in Table 2 . Among these ten studies, four studies were performed in Japan [23, 24, 27, 32] , three in Korea [26, 29, 30] , one in Italy [26] , one in Germany [28] , one in Austria [31] . A total of 1885 HCC patients from eleven cohorts were included in this meta-analysis, with a median sample size of 133 patients, ranging from 38 to 466 patients. The number of male and fe-male patients were 1506 and 379, respectively, with mean/median age varying from 53 to 71 years. The follow-up period was at least 18 months, while eight cohorts more than 5 years. Viral hepatitis was usually reported and was available for 94.2% of patients in these cohorts. Tumor size described with a cutoff value occupied 71.6% of all the patients. Most studies set the cut-off value in 5 cm. There were altogether 626 HCC patients reported with multiple tumors with a percentage of 33.2% of all the patients. Tumor differentiation was reported in 82% of the patients, and the number of well/moderate (I/II) or poor (III/IV) patients were 930 and 616, respectively. Tumor vascular invasion was identified in 533 HCC patients, varying from 11 to 136 patients in each cohort. Tumor stage was only reported in three cohorts. The methods used to determine the concentration of CRP including turbidimetric immunoassay, latex photometric immunoassay and ELISA. The cutoff value and detecting methods for the serum CRP were differed among these included studies. Most of these studies set a cutoff value of 10 mg/L, while two studies relevant to h-CRP set a cut off value of 3 mg/L [24, 29] . However, we should note that in the study of Kohles N et al [28] , we took the preoperative 75th percentile (12 mg/L) as the cutoff value for two reasons: first, the value of 12 mg/L was close to the majority of the included studies; second, when used the postoperative 75th percentile as a cutoff value, the CRP concentration showed great significance with the overall survival (P=0.024). HRs were recorded for each study using available data or the methods described above. OS was reported in all studies, whereas RFS was only presented in three studies [23, 26, 30] . The points of study quality assessed by Newcastle-Ottawa quality assessment scale ranged from 4 to 7 (with a mean of 6). The basic feature description of these ten studies (eleven cohorts) was summarized in Table 2 .
Serum CRP expression and OS in HCC
All the eleven cohorts reported the data of CRP expression and OS in HCC patients. There were only four cohorts reported with the initial treatment of surgical resection(S) [23, 25, 27, 29] , two with LT [26, 30] , two with multiple therapy [24, 32] , two with TACE [28, 31] , one with non-surgical therapy(NS) [31] . It seemed that high CRP expression positively correlated with poor OS in nine of the ten cohorts. Further, the increased serum CRP level was significantly correlated to OS with a pooled HR estimated of 2.15 (95% CI: 1.76-2.63. Figure 2 ). There was no evidence for significant heterogeneity of the eleven available cohorts (I 2 =27.2%, P=0.186).
In the further investigation, we made some subgroup analysis. When the patients were segregated according to the choice of treatment (surgical vs non-surgical), region (east vs west), measurement of CRP (CRP vs h-CRP), maximal follow-up period (more than 5 years vs less than 5 years) for HCC, high serum concentration of CRP was also significantly correlated with OS and RFS (Table 4 ). here means the data in this row from Sieghart et al training cohort, "Sieghart et al B" means the data in this row from Sieghart et al validation cohort; b, the cutoff for multiple primary tumors was 3 in each cohort. Treatment describes whether the patients received surgical resection (S), liver transplantation (LT) or transarterial chemoembolisation(TACE) of HCC. NS, non-surgical therapy. Multiple therapy, including surgical resection and non-surgical therapy. Tumor vascular invasion was defined as presence of either macro-or microscopic vascular invasion(including portal vein invasion,hepatic vein invasion, etc.). Tumor grade was described using the Edmondson-Steiner grading system, studies were grouped as well/moderate (I/II) or poor (III/IV) degrees of differentiation. Study quality is listed using the results of the Newcastle -Ottawa quality assessment scale (Table 1) . OS, overall survival; RFS, recurrence-free survival; ROC, receiver operating characteristics. 
Serum CRP expression and RFS in HCC
There were only three cohort [23, 25, 30] reported the data of CRP expression and RFS in HCC patients. The combined HR of 2.66 (95%CI: 1.54-4.58. Figure 3 ) showed that the high CRP level had significant relationship with RFS in HCC patients. There was no significant heterogeneity (I 2 =34.2%, P=0.219) of the three cohorts, either.
Serum CRP expression and tumor vascular invasion in HCC
Five studies presented the data on the serum CRP expression and vascular invasion in HCC [23, 24, [30] [31] [32] . Further, combined OR of 3.05(95% CI: 1.79-5.23, P= 0.000, Figure 4 ) indicated that high serum CRP was associated with tumor vascular invasion in HCC. There was no significant degree of heterogeneity between the five serum studies (I 2 = 43.4%, P=0.132).
Serum CRP expression and tumor number in HCC
There were five studies reported the data regarding the relation between serum CRP level and tumor number in HCC [23, 29, [30] [31] [32] . Among the five studies, there was one with the initial treatment of LT [30] , one with surgical resection [23] , two with non-surgical therapies [29, 31] , one with multiple therapies [32] . High serum CRP was obviously associated with tumor number in HCC with an estimated OR of 2.36(95% CI: 1.36-4.10, P=0.002, Figure 5 ), but the heterogeneity (I 2 = 62.4%, P=0.031) was substantial. Subgroup analysis showed that the studies without the initial treatment of LT had a combined OR of 2.85(95% CI: 1.71-4.75, P= 0.000) with no evident heterogeneity (I 2 = 49.3%, P=0.116).
Serum CRP expression and tumor size in HCC
Only two studies reported the data on the serum CRP expression and tumor size in HCC [29, 31] . Both of the two studies showed the statistical significance between high serum CRP concentration and larger tumor size. The combined OR of 3.41(95% CI: 1.04-11.18, p=0.043, Figure 6 ) with significant heterogeneity (I 2 = 83.6%, P=0.013) indicated the evident association between high serum CRP level and larger tumor.
Serum CRP expression and tumor differentiation in HCC
There were three studies provided the data regarding the serum CRP expression and tumor differentiation in HCC [23, 24, 32] . None of the three studies showed the significance between high serum CRP level and poor tumor differentiation. As was expected, the pooled OR was 1.584(95% CI: 0.739-3.394, P= 0.237, Figure 7 ) with no heterogeneity (I 2 = 0.0%, P=0.522).
Serum CRP expression and TNM stage in HCC
Three studies presented the data on serum CRP expression and TNM stage in HCC [24, 31, 32] . Two studies indicated the statistical significance between high serum CRP expression and advanced stage. The combined OR of 3.23 (95% CI: 2.29-4.57, P= 0.000, Figure 8 ) with no heterogeneity (I 2 = 0.0%, P=0.516) strongly suggested that high serum CRP level was associated with advanced tumor stage.
Publication bias
A begg's funnel plot was presented for the visual assessment of overt publication bias for the included cohorts in serum CRP. The funnel plot shapes showed no obvious evidence of asymmetry for OS ( Figure 9 ) and RFS ( Figure 10 ). Then, an Egger's test was adopted for the formal evaluation (statistical significance was set at p <0.05). The P value indicated that there was no significant publication bias in OS (P= 0.171) and RFS (P= 0.801) among these included studies. 
Discussion
The stratification of outcome in HCC patients is becoming increasingly important. The stratification can help guide clinical decision-making regarding therapy and better distribution of the limited medical resources such as the precious liver grafts for LT. Furthermore, patients with early stage disease and at high risk of recurrence may benefit from adjuvant therapies and risk-adjusted follow-up.
Several clinical staging systems, including the Cancer of the Liver Italian Program (CLIP) and the Barcelona Clinic Liver Cancer (BCLC) have been proposed to predict prognosis and stratify patients for therapy [33] . However, tumor recurrence was the key issue for limiting the long term survival of patients with HCC [34] . Tumor characteristics such as tumor number, size, grade, stage, especially vascular invasion were crucial for the selection of different therapies [35] . Modifications of these staging systems with the addition of plasma-based tumor markers have been proposed to improve the prognostic stratification of HCC patients, and for better selecting patients that are appropriate for certain treatment [36] .
CRP has been identified for more than 80 years and was used to be a traditional inflammation marker, while its prognostic role in HCC was revealed just during the recent years. In this literature, we mainly investigated the association between the high serum CRP expression and OS as well as RFS in HCC patients. The combined HR and its 95% CI indicated that high serum CRP expression can significantly predict the poor OS (HR=2.15, 95% CI: 1.76-2.63) and RFS (HR=2.66, 95% CI:1.54-4.58) in HCC. There was also no difference in analytic outcomes in these cohorts based on choice of treatment (surgical vs non-surgical), region (east vs west), measurement of CRP (CRP vs h-CRP), maximal follow-up period (more than 5 years vs less than 5 years) for HCC (data shown in Table 4 ).
Then, we also conducted a pooled analysis on the relationship of high serum CRP expression and tumor characteristics, especially for the vascular invasion which was a crucial factor for the outcome of HCC patients [35] . The result was consistent with expectation that high serum CRP expression was significantly related with the presence of vascular invasion, multiple tumor, larger tumor size, advanced TNM stage in HCC patients. Also, high serum CRP level was tended to be associated with tumor differentiation, though not significantly.
However, the molecular mechanism of tumor-related CRP elevation in HCC and other solid tumors was complicated and remained unclear. One possible explanation was the proinflammatory cytokine, IL6, which usually highly expressed in the tumor microenvironment. IL 6, the principal regulator of CRP, has been shown to be related with hepatocellular carcinoma progression [37] and metastasis [38] .
Recent study indicated that inflammation with the interaction between various inflammatory cells and extracellular matrix played a crucial role in tumor microenvironment to tumorigenesis [39] . CRP was either a marker of reactive inflammation to a tumor or a marker of an on-going inflammatory process that favored tumor development [40] . However, Cervoni et al [41] found that CRP had a prognostic role in advanced cirrhotic patients(Child Pugh score ≥8) without HCC. So it seemed that high serum CRP was just a risk factor for cirrhosis related death independent from HCC. Wolfgang Sieghart et al [31] argued against this presumption and extended the prognostic significance of elevated CRP to cirrhotic patients with HCC. Above all, CRP did represent an inexpensive, simple prognostic marker for patients with HCC [40] .
Notably, there were some limitations for this meta-analysis. First, we searched literatures only from limited databases, the number of included studies and total sample size of included HCC patients were not large enough which might weaken the convincing power for the validity of our analysis. Second, the heterogeneity between tumor characteristics such as vascular invasion, multiple number and OS in HCC patients was significant. So was the heterogeneity between high serum CRP expression and tumor size in HCC patients. Moreover, meta-regression analysis couldn't be done to identify variables that result in heterogeneity for the reason of the limited number of primary studies. Third, the number of HCC patients from the east and west countries was 1013 and 872, respectively. However, we found that these seven included studies from Asia were only from two developed countries, Japan and Korea. As known to all, China has the largest number of HBV-related HCC patients. So we should be cautious with the representativeness of these included cohorts. Four, the methods for detecting serum CRP varied from studies, mainly including turbidimetric immunoassay, latex photometric immunoassay, and ELISA. Moreover, two studies included in this meta-analysis detected the serum h-CRP level, and the cutoff value (3 mg/L) was much different from other studies (10 mg/L). Though, subgroup analysis showed no significant difference for the h-CRP group and CRP group in OS, we should also take into consideration.
In conclusion, the present systematic review and meta-analysis demonstrated that high serum CRP expression was significantly correlated with unfavorable outcome of HCC patients. The serum CRP, a cheap, simple prognostic marker, might be warranted in stratification and selection of HCC patients for different treatments and better risk-adjusted follow-up. It might also be a potential hallmark of HCC for molecular therapy. Our meta-analysis has provided the most comprehensive quantitative evidence for the practice by far. However, this assessment needs to be further confirmed through more large prospective studies.
